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ARTICLE INFO ABSTRACT

Keywords: Arbuscular mycorrhizal fungi (AMF) and plant symbiosis is the old, fascinating and beneficial relation that exist
AMF on earth for the plants. In this review, we have elaborated that the strigolactones (SLs) are released from the roots

Symbiosis and function with root parasite, seeds and symbiotic AMF as contact chemicals. They are transported through
21;524 the xylem in the plants and can regulate plant architecture, seed germination, nodule formation, increase the

primary root length, influence the root hairs and physiological reactions to non-living agents by regulating their
metabolism. SLs first evolved in ancient plant lineages as regulators of the basic production processes and then
took a new role to maintain the growing biological complexities of terrestrial plant. SLs belongs to a diversi-
fied category of butenolide-bearing plant hormones related to various processes of agricultural concern. SLs also
arouses the development of spores, the divergence and enlargement of hyphae of AMF, metabolism of mitochon-
dria, reprogramming of transcription process, and generation of chitin oligosaccharides which further stimulate
the early response of symbiosis in the host plant, results from better communication in plant and ability of co-
existence with these fungi. The required nutrients are transferred from the roots to the shoots, which affect the
physiological, biochemical, and morphological characteristics of the plant. On the other hand, the plant provides
organic carbon in the form of sugars and lipids to the fungi, which they use as a source of energy and for carried
out different anabolic pathways. SLs also lead to alteration in the dynamic and structure of actin in the root
region as well as changes the auxin’s transporter localization in the plasma membrane. Thus, this study reveals
the functions that SLs play in the growth of roots, as well as their effect and interaction with AMF that promote
plant growth.

Plant growth promotion

Introduction (Begum et al., 2019). The mycelium of fungi inhabits the roots of a

wide number of shrubberies, even though they belong to a variety of

In the existing consequence of increasing price of synthetic fertil-
izers and the widening gap between the supply and demand of the
nutrients, the utilization of plant growth-promoting AMF offers a re-
markable opportunity to use low-cost and eco-friendly nutrient supple-
ments for the improvement of crops yield and growth (Mitra et al., 2019;
Chaudhary et al., 2019). In arbuscular mycorrhizal (AM) symbiosis, the
mycelial fungal network spreads under the plant roots and facilitates
the absorption of nutrients that are usually inaccessible to the plants

species. AM symbiosis has long been thought to be a promiscuous re-
lationship of more than >100,000 plant species with some 100 AMF
moral morphotypes (Chen et al., 2018; Melo et al., 2019). However, the
typical species definition is problematical in the sense of AMF because
of its relatively distinctive morphological characteristics (mostly associ-
ated with spores) and basic asexual mode of propagation (Chen et al.,
2018). AMF have never been undergone sexual fusion or experience
sexual stages, but in the lack of classical recombination and meiosis,
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Fig. 1. AMF symbiotic relationship, metabolic process and phases of symbiosis in the host system.

they may undergo a hyphal fusion and exchange of genetic materials
to replenish their genomes and to produce the new diversity of genes
(Chagon, 2014). This feature may theoretically be used as an additional
criterion for defining the taxonomic groups, apart from spore morpho-
types, depending upon its genetic relationship (Chagon, 2014). AMF are
field fungi that are synchronized with plant roots. Various host bene-
fits are due to AMF, including improved soil absorption of immobile
nutrients and mostly phosphorous (P). An awareness of the impacts of
agronomic activities on these fungal species will help to ensure that
symbiosis is used and contribute to the achievements of sustainability
(Mitra et al., 2020). The symbiosis of AMF is related with more than
80% of plants in the land between mandating bio-trophic fungi. The
host plant releases important metabolites during the pre-symbiotic pro-
cess in order to cause fungal production and root colonization (Fig. 1).
These fungi form such symbiotic relationships and inhabit inside and
around the plant root organization in order to develop internal edifices
that simplify the transmission of photo-synthetically derived carbon in
the form of carbohydrates and starches to the AMF. This nutrient deliv-
ery indorses host plant growth. For instance, AMF uptake many diverse
nutrients, but the nitrogen (N) to P ratio in an organization is found to
be a resilient driver of the growth profit that AMF has provide to the
crop plants (Johnson et al., 2015). AMF supports host plants to prop-
agate energetically under unfavorable circumstances by facilitating a
series of multifaceted communicating actions between fungus and plant
leading to an improved rate of photosynthesis and other traits related to
gaseous exchange, respectively (Birhane et al., 2012). The multifarious
cellular connection between the AMF and host roots necessitates a se-
ries of signals that directs the proper formation and maintenance of AMF
in the plant roots (Kaldorf, M. and Ludwig-Miiller, 2000). In ectomyc-
orrhizal symbiotic process, numerous examples are well known where
indole-3-acetic acid (IAA) is formed by the fungal species which results
in the growth of lateral roots (LA) and consequently directs the pro-
motion of the symbiotic relationship (Karabaghli-Degron et al., 1998).
It was also reported that maize root colonized with Rhizophagus irreg-
ularis (formerly Glomus intraradices) when inoculated with AMF shows
an increased amount of total indole-3-butyric acid (IBA) in the young
roots (Ludwig-Miiller et al., 1997). AMF, being usual root symbionts,
deliver some vigorous inorganic nutrients to different species of plants,
thereby enlightening yield and growth under unfavorable and favor-

able conditions. AMF equally helps host plants in order to up-regulate
the mechanism related to tolerance and thereby down-regulate the sig-
nificant metabolic pathways (Begum et al., 2019). In the host’s roots,
AMF forms hyphae, arbuscules and vesicles and also develops hyphae
and spores in the rhizospheric region. The development of hyphal net-
work by the AMF with the roots of plant ominously boosts the access
of roots to the greater surface of the soil, which triggers the enhance-
ment in the growth of plant (Bowles et al., 2016). It is also reported
that AMF can effectively overcome several abiotic prompts such as ex-
treme temperatures, cold stress, alkali stress, nutrient stress, drought,
salinity and therefore increases the per hectare yield of huge number
of vegetables and crop plants (Begum et al., 2019). Therefore, for the
promotion of bio healthy agriculture, AMF convention is considered to
be the enormous one for current global agricultural systems and their
constant sustainability.

AMF-plant-soil interactions: symbiosis, nutrient acquisition and
plant growth promotion

The AM symbiosis is an old and best symbiosis on the Earth. Ex-
ample, in the Aglaophyton, hyphaes and arbuscules, isolated from the
Rhynie chert, have been identified and shown the presence of AM symbi-
otic process in the early Devonian. Besides, the data of molecular clock
based on 18-year nucleotide divergence rDNA indicated that between
350 and 460 million years ago, Glomales evolved and symbiosis was
a key factor for efficient plant colonization. The symbiosis of AMF in
about 10 percent of plants, such as entire angiosperm groups, was lost
during development. Distinguishable stages of AMF colonization include
a series of complicated morphogenetic alterations in fungi (Fig. 2):

AMF are mandatory biotrophic that rely on the abilities of a host
plant for the completion of their life cycle (Fig. 2). Additionally, in the
unavailability of the host plant, the growth of fungal species stops af-
ter about 25-30 days of culture (Harrier, 2001). Their compulsory sta-
tus and coenocytic nature of their spores are the biological aspects of
the fungi which impede their study and the symbiosis with the roots
of plants. Later one is especially important because the normal state of
most plants is a mycorrhizal root (Harrier, 2001).

A symbiotic relationship with rhizospheric microorganisms not only
improves the status of nutrients in the crops but also can upgrade the
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Fig. 2. AMF symbiosis with plant, growth promotion and nutrients supply.

quality of different crops. Furthermore, the soil inoculated with AMF,
forms a high constant mass and extra-radical hyphal mycelium than the
non-AMF containing soil. Glomalin-related soil protein is reported to
maintain the content of water into the soil under the exposure of various
abiotic stresses, which further regulates the frequency of water between
the plants and the soil, automatically raises the development of plant va-
rieties (Begum et al., 2019). Such as, the strawberry colonized with AMF
exhibited a high level of phytocompounds which ultimately improved
their antioxidant property reported by Castellanos-Morales et al. (2010).
Although the benefits of AMF symbiotic relationship have been well
identified the information regarding its circadian chronobiology still
needs further investigation (Nanjundappa et al., 2019).

SLs: a novel recognize plant hormone and biosynthesis pathway

SLs, have newly been documented as plant hormone which are
comprised in orchestrating root and shoot architecture. These SLs are
derivative of carotenoid which is one of the major class of plant sec-
ondary metabolites, formed by assorted plant species (Kumar et al.,
2015) and has gained a lot of attention since their identification as a
novel group of plant hormone. The initial study on SL was reported
in 1996 from the root exudates of cotton which revealed its potential
role as a stimulant for the germination of Striga and Orobanche, the
parasitic plant seeds. However, later on SLs have been recognized as
stimulants of AMF directed colonization of root and hyphal branch-
ing. SLs are majorly produced in root and various other parts of the
plant such as internode and epicotyl tissue; however, the known SLs
till date are more commonly found in the roots (Yoneyama et al.,
2013). Being released in the rhizospheric region, SLs played a poten-
tial role in the microbes which proliferate around the plant roots in the
soil. Major focus has been rewarded so far to the rhizobia, AMF, and
symbiotic microbe (Kapulnik and Koltai, 2014; Lanfranco et al., 2017;
Rozpadek et al., 2018; Waters et al., 2017), while very few studies have
been reported that how pathogenic and saprotrophic fungi respond to
SLs (Akiyama et al., 2010; Carvalhais et al., 2019; Choi et al., 2020;
Lanfranco et al., 2017).

AMF and SLs interaction: physiological roles and signaling in root
development

Various evidence accumulated from the different investigations re-
vealed that SLs involve in the growth of plant roots. It also di-
rects the elongation of adventitious and primary/seminal roots and
represses the formation of LR, respectively (Kapulnik et al., 2011a).
Shen et al. (2020) reported that this role of SLs could be reversed by
the addition of GR24 (active and synthetic SL) in SL-deficient plants and
wild-type, but not in the case of SL-insensitive mutant. Interestingly, in
the case of rice, SLs positively regulate the adventitious roots (ARs) reg-
ulation as reported by Arite et al. (2012); Sun et al. (2014). Conversely,
Wang et al. (2020) find out that the SL mutant of rice produced very
few numbers of ARs at the stage of seedling and a low number per tiller
at the stage of maturation. The number of AR in the case of synthetic
mutant of SL (d10), not in the signaling mutant (d3) of SL, was com-
plemented by GR24 addition. P and N are the main nutrients needed
for the growth of plant. SLs play an important role in the adaptive re-
sponses to P and N inadequacy due to increased level of SL in the roots
of plant (Marzec et al., 2013; Sun et al., 2016; Xie et al., 2013). For
example, SLs promote the symbiotic relation with AMF by inducing the
branching of hyphae and they also adjust the architecture of shoot by
restricting the outgrowth of tiller bud in order to adapt the condition of
N or P deficiency (Czarnecki et al., 2013; Sun et al., 2020). Recently, it
was determined that SLs controls the response or perception of plants
to phosphorous-limited conditions (Mayzlish-Gati et al., 2012). Inter-
estingly, various studies determined that SLs played a potential role in
the root growth of rice plant in case of P and N deficiencies (Mayzlish-
Gati et al., 2012).

SLs are the phytohormones that may become increasingly popular
in plant science (Zwanenberg and Blanco-Ania, 2018) and play a vi-
tal role in plant and its root growth (Friml, 2003). They are terpenoid
lactones derived from carotenoids (Waldie et al., 2010), often made
up of four rings. Three rings form a tricyclic lactone through an enol
ether bridge which is linked to the fourth butenolide ring (Akiyama and
Hayashi, 2006). Over the last sixty years, germination stimulants such
as Striga, Phelipanche and Orobanche have been identified for parasites
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Table 1
SLs and SL analog GR24 information from PubChem database.
Molecular Molecular
Compound PubChem CID Formula Weight (g/mol)  SMILES 2D Structure 3D Structure
CC1=CC(0C1=0)0C=
Strigol 5,281,396 Ci9H,,04 346.4 C2C3CC4=C(C30C2=0)
C(ccc4o)(c)c
Orobanchol 10,665,247 Ci9H,,04 346.4 CC1=CC(0C1=0)0C=
C2C3C(C4=C(C30C2=0)
c(cce4)o)o)o
Strigolactone GR24 123,343,697 Cy7H1405 298.29 CC1=CC(0C1=0)0C=

C2C3CC4=CC=CC=
C4C30C2=0

[Table 1; (Cook et al., 1966)]. Various new bio-properties of SLs have
been found, such as the AMF branching factor, architecture of plant
(inhibition of shoot branching and bud outgrowth), and reaction to abi-
otic factors, etc. (Akiyama et al., 2005; Zwanenberg and Blanco-Ania,
2018). Interestingly, SLs have been identified as the plant hormones
that regulate the architecture of above-ground plants by masking dif-
ferent effects and eventually restricting the outgrowth of bud (Gomez-
Roldan et al., 2008; Umehara et al., 2008. The finding that SLs cause
parasites to germinate and recruit the provision of AMF nutrients in-
dicated that parasites can be managed by controlling the colonization
of AMF (Akiyama et al., 2005). Germination of Striga hermonthica was
significantly decreased in inoculated maize and sorghum plant varieties
with AMF (Lendzemo et al., 2007). Some investigations reported that
in response to AMF inoculation, there is a reduction in the Striga’s ger-
mination that could be partly due to down-regulation of the SLs. In-
deed, this is likely to constitute a mechanism known as auto regula-
tion, for the host plant to avoid excessive colonization that could be
metabolically costly (Staehelin et al., 2011). AMF hyphal branching-
stimulatory activity is critically impaired due to the structural variations
in SLs (Akiyama et al., 2010). According to a report, in AMF (Gigaspora
margarita), 5-deoxystrigol, which has not any hydroxyl group, was 30-
times more active than the sorgomol, which has a hydroxyl group in
the first tricyclic lactone ring. 5-deoxystrigol was exclusively secreted
from maize (Zea mays L.), while the cultivar of resistant type exuded
sorgomol in the primarily (Yoneyama et al., 2015). The cultivar which
are Striga-susceptible are also find to secrete 5-deoxystrigol primarily in
Sorghum bicolor (L.) Moench (Yoneyama et al., 2010), whereas the resis-
tant cultivar produced orobanchol primarily, which has a hydroxy group
on the second tricyclic lactone ring (Mohemed et al., 2016). These au-
thors first recorded the existence of orobanchol in the variety of sorghum
and it’s near association with field resistance to Striga. A comprehensive
genetic evaluation of a Striga-resistant sorghum cultivar resulted in the
recognition of a mutation of the sulfotransferase gene that decreases
the S. hermonthica germination by imposing orobanchol P production
over 5-deoxystrigolol (Gobena et al., 2017). Thus, seeds of S. hermon-
thica can distinguish host varieties or species based on the composition
of SL. Striga’s low sensitivity to orobanchol indicated that selection for
producers of high obanchol could be served as an effective strategy for
obtaining genotypes with higher acquisition of phosphorous and AMF
responsiveness but lower activity in inducing germination of Striga. The
impact on hyphal branching of the AMF (e.g. G. margarita) of various
natural SLs may be highly variable. For example, obanchol was found to

be more effective than 5-deoxystrigol in inducing AMF hyphal branch-
ing (Akiyama et al., 2010).

Signaling crosstalk between SLs and their derivatives for the
enhancements of root growth in plant

Numerous studies described the prominence of newly recognized SLs
and their derivatives in hormonal crosstalk while the development of
root in many plant varieties (Kapulnik et al., 2011a; Ruyter-Spira et al.,
2011; Mayzlish-Gati et al., 2012; Sun et al., 2014; De Cuyper et al.,
2014). SLs production increases significantly when P and N levels de-
crease in order to regulate adaptive plant responses to these nutrients
deficiencies (Umehara et al., 2008; Yoneyama et al., 2007). They have
been reported to play an essential role in plant communication in the
rhizospheric region. Increasing evidence shows the importance of auxins
in regulating the formation of LR in plants (Goh et al., 2012; Xuan et al.,
2016). SL signaling acts upstream of auxins in regulating LR positioning,
initiation, and elongation (Kapulnik et al., 2011b; Mayzlish-Gati et al.,
2012; Ruyter-Spira et al., 2011; Sun et al., 2014). However, the posi-
tive or adverse action of SLs depends on the condition of experiments
and different plant species, respectively. The primary root length was
found to be decreased in mutants of SL in Arabidopsis than in case of
wild type due to a decline of cell number in the meristem. In the case of
LR formation, a comparison between the wild type (WT) and mutants
in Arabidopsis plants revealed an enhanced density of LR in SL-synthesis
mutant (more axillary growth4) and an SL-signaling mutant (more axil-
lary growth2), while the addition of GR24 decreased the density of LR via
the signaling gene MAX2 (Kapulnik et al., 2011a; Kohlen et al., 2011;
Ruyter-Spira et al., 2011). Nevertheless, another investigation done by
Sun et al. (2014) has shown the non-significant difference in the density
of LR between d and WT mutants in rice at the stage of seedling and
a low number of ARs per tiller at the stage of maturation. It has been
hypothesized that SLs control the transport of auxin in roots which lat-
ter is primarily mediated by PIN-FORMED (PIN) genes. The addition
of GR24 on Arabidopsis roots declined PIN proteins levels in the tips of
primary root (PIN7, PIN3, and PIN1) which are the main auxin efflux
carriers in plants (Friml, 2003; Wisniewska et al., 2006). Conversely, in
the availability of exogenous auxin, GR24 does not affect the PIN levels
(Ruyter-Spira et al., 2011). The formation of LR in Arabidopsis and rice
were repressed via the GR24 application in SL and WT-synthetic mutant
(more axillary growth4/d10), but not in an SL-signaling mutant (more ax-
illary growth2/d3) via the reduction of auxin levels and distribution in
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roots as a result of down-regulation of expression of PIN family genes
in roots (Ruyter-Spira et al., 2011; Sun et al., 2014). In other terms, SLs
may inhibit the formation of LR by decreasing the PIN proteins levels
in plant roots which reduces auxin levels. These results were confirmed
with the examination of [3H] IAA transport and GUS::DR5 activity after
the addition of GR24 (Sun et al., 2014, 2018).

Beneficial interactions between growth-promoting rhizobacteria,
plant roots and AMF can enhance the health of plant by improving
its immune systems and thereby enhancing nutrient production (Pérez-
de-Luque, 2017). AMF of the Glomeromycotina ancient monophyllic
group are the significant contributor in the cycling of nutrients and
(Lanfranco et al., 2017) minerals in the plants and also increases the
tolerance capability of different plant species to biotic and abiotic stress
(Spatafora et al., 2016). AMF is a linking biotrophy of coenocytic and
asexual spores, while researchers have recently suggested the occur-
rence of secret sexual events also (Corradi and Brachmann, 2017). Since
AMF interacts with more than 80 percent of soil plants, including crop
plants and Bryophytes (Bonfante and Genre, 2008) and can also host en-
dobacteria in its cytoplasm (Bonfante and Desiro, 2017), AM symbiosis
is an outstanding example for discussing inter- and intra- domain signal
molecular exchanges. Plants must differentiate between helper bacte-
ria and pathogens around themselves, while the AMF must identify the
photosynthetic host to ensure a decreased carbon flow. Some studies
have shown that host plants also provide lipids to fungal species, not
just the sugars only as believed for many years (Bravo et al., 2017;
Jiang et al., 2017; Keymer et al., 2017; Luginbuehl et al., 2017). In
exchange, mineral nutrients are passed by AMF to the host plants.
These interactions are mainly found in cortical root cells, which are
called arbuscules with much ramified fungal hyphae (Gutjahr and Par-
niske, 2013). Bonfante and Genre (2015) suggested the key roles of
the molecules included in inter kingdom-symbiotic signals, including
cutin monomers, SLs and molecules similar to chitin, originally not
associated with symbiosis. The symbiotic function of these molecules
therefore depends on the co-developed ability of the AMF partners
to interpret them as signals. SLs have possible effects on microbes
that are released into the region of rhizosphere in the soil around the
root (Bonfante and Genre, 2008). SL treatment has improved fungal
metabolism, resulting in increased ATP production and division of mi-
tochondria (Lanfranco et al., 2017). Pleiotropic effects of SLs affect root
development as reported by Marzec and Melzer (2018). SLs also partici-
pate in the response of plants to nutrient deficiency by directing associ-
ation with symbiotic organizations and by promoting root lengthening
in addition to their role in the growth of roots and plant architecture
in general. Based on recent observations, the restriction of the acciden-
tal formation of roots by ethylene is independent of SLs (Marzec and
Melzer, 2018). Furthermore, root exposure to SLs has been demon-
strated to contribute in the build-up of secondary metabolites, including
flavonols and antioxidants, respectively.

Genes of SLs biosynthesis, regulation and their role

A strictly organized interplay between different plant hormones must
result bacterial infection and nodule organ formation. Once the recep-
tors of nodulation (Nod) are viewed as the Nod factors, spatiotempo-
ral designs of gene expression can bring rhizobial infection and parti-
tion of cortical cells. Nearly all characteristic plant hormones are tan-
gled in the expansion of an efficient nodule in a multifaceted network
of connections (Ferguson and Mathesius, 2014). As a consequence, cy-
tokinin’s are the important phytohormone that control nodule organ de-
velopment; sensation mutants in the cytokine receptor eradicate nodula-
tion, whereas spontaneous nodules ensue in cytokine receptor mutants,
which are attainment function (Murray et al., 2007). Soto et al. (2010),
Foo and Davies (2011), and Ur Rehman et al. (2018) findings indi-
cate that SLs play a vital function in the nodulation process as well.
In Medicago sativa (alfa), Pisum sativum (pisum) and soybean, and num-
ber of legume species, the use of synthetic SL rac-GR24 had a posi-
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tive effect on the amount of nodule formation. Also, fewer nodules are
developed when SL biosynthesis genes are silenced or get mutated re-
ported by Foo and Davies (2011); Foo et al. (2013); Liu et al. (2013);
Haq et al. (2017). These information specify that nodulation by SLs
has an optimistic function. For example, in A. thaliana additional ax-
illary branches 2 (Max2) mutants, which practice portion of the SL re-
ceptor situation, the number of the nodule in the SL-insensitive ramo-
sus4 (rms4) mutant has been increased (Foo et al., 2013). Moreover,
the rac-GR24 treatment distresses the nodule-dependent amount of M.
truncatula, with a very low rac-GR24 stimulating effect and an undesir-
able influence at higher concentrations (De Cuyper et al., 2014). The
nodulation process is modulated by SLs. The nodulation action of SL
can depend, however on their concentration and the particular sensi-
tivity of the vegetable species to SL. In addition, it should be noted
that along with KARRIKIN-INSENSITIVE 2 (KAI2), MAX2/RMS4 con-
tribute likewise in the insight of smoke from karrikine and the unchar-
acteristic endogenous ligand (Waters et al., 2017). Therefore, the other
carotenoid-based molecules apparent by a MAX2/RMS4 and KAI2 com-
plex can show a part at the nodulation stage which cannot be excluded.
Rac-GR24 also consists of two diastereoisomers, dual seem in Arabidop-
sis to remain recognized by KAI2 (Flematti et al., 2016; Scaffidi et al.,
2014). To create strict relations amongst plant mutants, metabolites and
function, a vigilant study of the role of the SL and carrikin signaling
should therefore be carried out in future research (Table 2).

During nodulation, tissue-specific expression patterns of SL-related
genes could indicate the SL role for nodule formation (Liu et al., 2010;
van Zeijl et al., 2015; McAdam et al., 2017; Haq et al., 2017). During
nodulation, a pattern of expression dominated by the Nod factor signal-
ing route was up-regulated with various SL biosynthesis genes. Tissue-
specific tests in the early infection zone of indeterminate, and mature
M. truncatular nodules showed that the promoters were involved in the
nodule meristem and primordium. This phrase design would match with
a role in the regulation of cell division in interplay with cytokinin and
auxin, since the operation occurred at sites in cell division. In different
SL-mutants of various leguminous species, no changes in the structure
of nodule were observed and this function could not be significant. This
pattern of expression may also be symptomatic of a function in autoreg-
ulation of nodulation (AON), which regulates the amount of fixed N,
used by vegetative plants for controlling the nodules number per plant.
Studies with AON mutants have however failed to support this hypoth-
esis (Foo et al., 2013; De Cuyper et al., 2014).

In previous stages of the symbiotic root nodule establishment, SLs
may already be behaving. The usage of rac-GR24 had a nugatory im-
pact on the growth of infection threads and the expression of an in-
flammatory marker gene in M. truncatula. In ethylene perception, mu-
tants that cause major infections and this negative effect are abolished
(Breakspear et al., 2014; De Cuyper et al., 2014). Instead, a pea mu-
tant of the SL biosynthesis had less infection threads than the wild form
(MsAdam et al., 2017). Therefore, implying a role for SLs in control-
ling the creation of infection threads. However, the contrast findings
from the rac-GR24 treatment suggest that the complex of the karrikin
receptor requires nodulation, or that a near regulation of the SL con-
centration is sufficient for the desired rhizobic outcome of the legume
interaction. Different legumes can also exhibit different SL susceptibil-
ity. Furthermore, it may not always be the same sites of hormone action
and biosynthesis. SLs in the dividing cells could therefore be formed
but they function at the stage of rhizobial infection. Analysis of the SL
perception genes with comprehensive cell-specific expression may give
you a better understanding of the validity of the hypothesis. Detailed
research is generally required in order to understand the function of SLs
in the case of nodulation.

SLs and its application

AMF activation in the rhizosphere, its formation and hyphal branch-
ing play the most important role in the production of SLs in microbe-
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Table 2
Gene of SLs in plant and their regulation.
AMF SLs Gene(s) Role/effect in plant growth Reference
- + HIGH TILLERING AND DWARF17/DWARF1 (D17/HTD1) Raises tiller number and improves the yield of grains in (Wang et al., 2020)
rice
- + WRKY45 rice (Oryza sativa) | an established determinant of plant (Zhou et al., 2020)
immunity
- + CAROTENOID CLEAVAGE DIOXYGENASE 7 (NaCCD7: Native tobacco, (Nicotiana attenuate) / significant (Li et al., 2020)
important enzyme in the biosynthesis of SL), max2-like alterations in the accumulated amount of defensive
(NaSMXL6/7) DWARF 14 (NaD14: the receptor for SL), and  compounds such as nicotine and phenolamides.
NaMAX2
- + Oryza sativa 9-CIS-EPOXYCAROTENOID DIOXYGENASE 1 Rice (Liu et al., 2020)
(OsNCED1)
- + One LBO gene, two MAX1, and one D27 were involved in Increased in the receptacle after pollination and (Wu et al., 2019)
the biosynthesis of SL, and two D53, one D3, and one decreased during the development of receptacle in case
D14 genes were related to the signaling of SL. SL receptor  of woodland strawberry (Fragaria vesca)
gene FveD14, SL biosynthetic genes FveMAX1B, FveLBO,
FveMAXIB, FveMAXIA, FveCCD8, FveCCD7, FveD27
and signaling genes FveD53B, FveD53A, and FveD3
- + PROTEIN KINASE 3 (PKS3) and Arabidopsis (Kumar et al., 2019)
1-AMINOCYCLOPROPANE-1-CARBOXYLATE SYNTHASE 4
(ACC4)
- + MAX3 and MAX4 SLs directs leaf senescence by increasing the action of (Ueda and
ethylene in A. thaliana Kusaba, 2015)
+ - LjSultr1;2 Lotus japonicus [improve the status of sulfur under sulfur (Giovannetti et al.,
deficiency 2014)
- + DWARF14 (D14) inhibits rice tillering (Arite et al., 2012)
- + MORE AXILLARY GROWTH 1 (MAX1) Arabidopsis (Zhang et al., 2014)

plant interactions. Basically, SLs are released to direct the beneficial
symbiont but can also adversely affect the plant, since SLs enable the
germination of parasite weeds in the rhizosphere (Rochange et al.,
2019). Reproduction activities are intended to reduce the exudation of
SL from plants to prevent parasite infestations of plants. The degree to
which this affects, AM symbiosis will be necessary to understand. SL
genes shift to synthetically alter SL forms (Waters et al., 2017), other
approaches may also be intended. Since AMF replies to a variety of
SL molecules (Akiyama et al., 2010), it might have potential to design
plants that radiate types of SL that rouses AMF, but don’t cause ad-
justable parasitic weeds to germinate.

The way in which SLs control the nodulation is mysterious and the
effect of D14 or KAI2 mediated signaling on infection thread formation
and nodulation by rac-GR24 is still not understood very well. This can
be discovered as leguminous mutants become available in each receptor
gene. The genetically or pharmacologically modified SL roots concentra-
tions have reported some conflicting findings in M. truncatula and pea,
respectively. There could be a different sensitivity of both species to
SLs. Alternatively, the difference may be due to the growth conditions.
The biosynthesis of SL (Yoneyama et al., 2012; Nagata et al., 2015) and
the pathways of other hormones are affected by light intensity or nu-
trient concentration, for example the modifications in symmetry and/or
communication of numerous hormones will accordingly cause the SL
effects disparities. This hypothesis can be answered by structural side-
by-side assessments of nodulation effects with diverse growth circum-
stances (Rochange et al., 2019).

Conclusion

This review shows that SLs were expected to play special roles in or-
der to withstand the accumulative biological complexity of land plants.
They are involved in many processes related to plant physiology and
development, making them a major regulator in plants that helps the
plant to adapt certain stressed conditions. The production and secretion
of SLs from plant roots can regulate rhizobium bacteria’s coexistence
with legumes and the coexistence of plants with AMF can improve plant
development and growth, and further control the metabolism of plant
under normal and stressed conditions. Furthermore, the impairment of
either its signaling or synthesis may compromise with pathogen-specific

resistance in plant. SLs are very much essential for the recognition of
plants by symbiotic fungi, mainly AMF. SLs can create a strong and ex-
tensive root system in plants in order to raise the mineral and water
absorption in conditions of deficiency of these substances while AMF
needs to recognize a photosynthetic partner which guarantees a flow
of reduced carbon. The part of SLs in plants, consequently equivocal as
to the perturbation of SL biosynthesis and presented signaling to alter
the metabolism of other hormones, which also contributes in the estab-
lishment of the AM symbiotic relation. Also, SLs seem to regulate two
processes such as phosphate metabolism and morphogenesis of root in
the host plants, which are recognized to be, to some degree, under the
influence of the AM symbiosis. This makes the SLs an important target
for developing synthetic chemicals for a more sustainable and modern
agriculture system. Our much-improved understanding of SLs biosyn-
thesis, perception, and downstream signaling is vital for the develop-
ment of efficient possibilities. More fundamental research on the SLs
roles in and outside the host plant is required which will further lead
to the alteration of this into an effective tool that we will need to make
a sustainable agricultural system. Thus, understanding the complicated
relationship between these networks and understanding its details re-
quires further research in the future.
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